o)

UNCLASSIFIED

UNCLASSIFIED

AECD-3913

Subject Category: METALLURGY AND CERAMICS

UNITED STATES ATOMIC ENERGY COMMISSION

FINAL REPORT. PART II. TECHNICAL

By
Lynn Brooks
George T. Sermon

May 20, 1949

United Carbon Products Company, Inc.
Bay City, Michigan

Technical Information Service, Oak Ridge, Tennessee

19950815 04/

DTI8 QUALITY INSPECTED g




Other issues of this report may bear the number UCP-2,

Date Declassified: December 7, 1955.

This report was prepared asa scientific account of Govern-
ment-sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission
makes any warranty or representation, express or implied, with
respect to the accuracy, completeness, or usefulness of the in-
formation contained in this report, or that the use of any infor-
mation, apparatus, method, or process disclosed in this report
may not infringe privately owned rights. The Commission assumes
no liability with respect to the use of, or from damages resulting
from the use of, any information, apparatus, method, or process
disclosed in this report.

This report has been reproduced directly from the best
avallable copy.

Issuance of this document does mnot constitute authority
for declassification of classified material of the same or
similar content and title by the same authors.

Printed in USA, Price 20 cents. AVailable from the
Office of Technical Services, Department of Commerce, Wash-
ington 25, D. C.




UNITED STATES ATOMIC ENERGY COMMISSION

FINAL REPORT
PART II. TECHNICAL

by

ILynn Brooks

George T. Sermon

May 20, 1949

Work performed under Contract No. AT—30-1-Gen—127..

United Carbon Products Company, Inc.
Bay City, Michigan




FINAL REPORT

PART IIs TECHNICAL

ABSTRACT

A plent for processing graphite to high purity by the
Thited Carbon Products Company Ince method was established at Bay
City, Michigens The facilities were capable of producing 900 1lbs
per day of high purity graphite.

Greaphite having a totel ash content of 600 ppm end a borem
content of { 0.6 ppm was purified so that the total ash was<{ 10 ppm
and the boron was< 0,10 ppme

The processing was carried out in electric granular carbon
resistance furnacese The purification was achieved by reacting
most of the elements out by the use of carbon tetrachloride with
nitrogen introduced into the heated zcne up to 2000° C; the removal
of borom is accomplished by the use of a fluorinated hydrocarbon
such as difluoro=dichloro-methene (i.eo "F=12") &t temperatures
sbove 20009C, The "F=12" is used only at the high temperature level
to avoid reformation of carbon tetrafluoride in the graphite being
processede




INTRODUCTION

In December 1946, the United Carban Products Compsny Ince
submitted to the agents of the U, Se Atomic Energy Commission a
semple of high purity graphite. This initial block of massive
graphite was a cube four inches on a side that had been purified by
the method used by the United Carbon Products Compeny Inc. to prepare
pure spectrographic electrodes. The ash content was { 20 ppm and the
boron was domn to {010 ppm. Later four graphite bars furnished by
the Ue So Atomic Energy Commission totalling 36 lbs. werse processed
end the analysis showed that the purity was of the same magnitude,
Further trials showed that graphite having a crass=section of 4" x
4" could be processed, having an ash content of {10 ppn end borom
as low as o0l = ,03°ppms In individual samples ash was reported as
low as 1 ppm. Also, the density of the material showed a decrease

of < olo%.

A contract was accepted by the United Carbon Products Company
Ince on May 8, 1947 with the U, S, Atomic Energy Commission to
establish a plamt for purifying graphite and produce 50,000 1lbs of
high purity graphite having an ash content of < 50 ppm and boron of

{ 610 ppme

High purity graphite was produced at the rate of 900 lbse per
day, complete with a control amalysis from the laboratory established
within the plante The analytical procedures were those recommended
by the National Bureau of Stendardse

Preliminary work established the proper method of packing the
material in the electric resistance furnaces for obtaining the high
temperatures desired (2400°C), TFurther work determined the proper
smevnts of processing meterials necessary for good resultse

This report will give a summary account of the processing
procsdure and production facilities of the plent menticmed abovee




PLANT ESTABLISHMENT

The United Carbon Products Company Ince leased industrial
property in Bay City, Michigen, consisting of a building having
9,000 square feet of floor space, and surrouding lsnd suitable for
expansicioe

SERVICE FACILITIES

Services to the building were inadequate for the operatioms,
so that enlargement of the following services werse necessarys
water, sewer, electric power, gas, and ventilatiom.

NEW CONSTRUCTION

Additions within the original structure tere made to include
a laboratory, office, guards?® reception room, locker-shower room,
and power control room.

SECURLTY CONSTRUCTICN

The maintenance of security for the operation of restricted
areas made it necessary that the building be surrounded by a steel
fence, the windows peinted and covered with heavy screens, end floode
lights be mounted in suitable positionse

EQUIFMENT

‘ Four electric carbon granular resistenge furnaces were
installed to carry out the processinge A power distribution system
was included to supply 800 KW of power to each furnace. The power
equipment is described in an earlier reporte

Gas ducts and a scrubbing tower were erected to carry the
obnoxious gases away from the units during opersatione

PROCESSING PROCEDURE

The process of the United Carban Products Compeany Ince %o
prepare high purity graphite is shown in the flow sheet, Figure 4.
The material to be purified is packed in allecarbon grenular resise
tance furnace snd each alternate bar has & gas tube placed under
it so that the processing materials may be introduced into the high
temperature zome, wherein the bars are situated. Figure 5 shows
an elovetiim snd section of the gas tube positioning relative to a
single bare However, each load of 30 bars has 15 such tubese A
closed end carbon tube is placed against a ber in the bed %o read
temperatures by use of an ocptical pyrometer. Dry nitrogen is used
to flush out the pyrometer tube when reading is teken,
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The procedure is outlined graphically on Figure 2 where the
time temperature curve shows the temperature levels and superimposed
on the curve is the limits wherein the processing chemicals are used.
Then heating is started the carbon tetrachloride is passed into the
zone where the graphite is being heateds The carbon tetrachloride
is carried in by saturation of dry nitrogen in a saturation trap
vhich is heated by the use of waste hot water coming from the cooling
of the electrodes.s The CCl, is passed in for 3% hours at which time
it is discontinued end CeClp<F, (Frean "F-12") is passed in for
665 hourse Sometimes, the "F=I2" is added beyond 665 hours to meke
sure that at least 60 1bss, bas been useds It will be noticed from
Figure 2 that the C.ClzoF is added at a temperature above 1900° ¢
this is dome to insure that the gas is well ebove the range vhere the
Fz could reform with the graphite to make CF, Also, it is desirsble
that CCly be used until 1860°C has passed so that the magnesitwm snd
celcium present will go off as chlorides instead of fluorides,
bscause the fluorides of these elements boil at 1865°C (approxXs)e

The typical rm showd in Figure 2 consumed the materials end
power as shown in Teble I. Also included are several other rumse

TABLE I
RUN NO. Who pgg CClz "F=12" N, Max, Temps
1bs 1bg 1bs %3 %.
C=8 874 5010 63 61 125 2460
B=24 866 4700 70 61 120 2339
D=9 876 4695 58 61 105 2375
A=29 872 4920 70 55 125 2470

TWhen 10 hours total elapsed time has trenspired, the power is
discontinued, "F=12" may be added beyond this time to make up the
required 60 1lbs, but this may teke less then am hour, during which
time the furnace will have cooled to 2200°C, Beyond this point
the furnsce is cooling downe



The salts end volatile halide gases pass off in the hooded
ecollector system built over the furnace and are absorbed in the water
spray scrubbing tower provided. Some of the less volatils salts are
deposited on or in the coke insulating bed, but apparently there is
not sny recontemination due to diffusien of this material during
the cooling pericde

The furnace ¢ycle is as followss Heabting, 10 hours; Cocling
48 hourss Loading, 8 hourss meking a 3-day cycle for each furnace,
which gives a production rate of 900 lbs per daye

When the material has cooled sufficiently, it is removed from
the furnace and bHaken to the sampling room, and sampled according
to the procedure outlined and appended to this reporte (Ses
Appendix "A¥). The boron snalysis follows the scheme of Rodden
end Richmond% for enalysis of small quentities of boron in the project
materialse The ash is obtained by weighing the amount of residue from
igniting 100 gms of graphite in the platinum crucible at 750°Ce

The typical results of purifying AGHT grephite in this manner
are shown in Table IIs Alsoc shown in this table are scattered
results of other types of graphite processed. They were reported
as "good functionally”™ as sm indication of the results, but mo
further report was received by this organizatione

TABLE- T

Initial Final 1Initial Final

Type MH Ash Ash Boron Boron Remarks
ppm ppm ppm ppum
AGHT o <10 0660 <02
AGOT Functionally good
CS121 ? o056 Functionally good

at HEW

By way of further explenation, the procesz as employed by the
United Carben Products Company Ince mekes use of the reaction of
the various elements present in graphite, either as compounds or
in solution, with the halogens, namely chlorine snd fluorins, as
cbtained by the dissoeiation of halegenated hydrosarbons at ele-
vated temperatures. The following examples are illustratims of
the reactioms occurrings ,




lo CCl, —> C+2Cl,

Mg0 # Cly — MgCl, ¢ cO
20 Caly ¢ Cly—>CaCl, 4 C

36 Al,C, 4 601y —7 4A1C1, 4 3C
st |
A1,0,43C 3C13 72AXC1z ¢ 3CO

4o 5C4 V,05+ 5C1,—72volg$5c0 T

etce

The metallie chloride so formed are volatized and condense
in a cooler region, usually on top of the coke bed or in the cold
air sweeping across the top of the charge,

However, in the case of boron, it is not possible to remove
this element by the use of chlorine alane. By using a hydrocarbon
gas containing fluorine such as CeF, Cls at temperatures above
2000°C it is possible to remove thezboron to an acceptable level,
The boron is present in the mass of the graphite in solution and
calls for a very highly reactive agent such as fluorine to remove
ite The boron trifluoride formed passes off very readily inasmuch
as it boils at =101°C, However, it is to be remembered that the
use of fluorine must bs done only under the controlled conditioms
previously outlined, to avoid erosien and disintegration of the
grephite due to the formation of CFy at lower tempera'bureslo

PRODUCTION RESULTS

The data and results given in*Tables ITI, IV, V, and VI are
the results of several trial runs in the units, followed by active
production of acceptable high purity graphite. As will be noted,
there are more rums in the A and B units because these furnaces
were designed end built previous to the choice of a final designe
The temperatures shown indicate a lower level then 2400°C in some
cases, but these are low when correlated to carbon index rods used
to tell temperatures by relative graphitization. Readings taken
by en optical pyrometer are fram 100° 45 200° lower then the actual
temperatures of the graphite bers as shown by the index rodse

Some of the material processed wes f or the Hanford Engineer
Works, Richlend, Washington, and was dome in runs numbered “A-11A"
end "B=6", The starting material was CS=121 and the final results
were indicated as “Tunctionally good®s A variation in processing
procedurs was employed for run “A-1lA", wherein anhydrous ammonis
gas was substituted for nitrogen.

8 *Consolidated into Appendix
Hnn
B" « Summary
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CONCLUSIQNS

Grophite having & cross-section of 4-5/8% x 4=5/8" cenbe puri-
fied to less than 06,10 ppm boron and less then 10 ppm total ashe

Furnace loads of 900 lbsy comsisting of 30 blocks of grephite
4<1/8" x 4-3/8" x 26«5" can be purified to accepteble limitse

Graphite cen be heated in all carbon bed electric resistance
furnace by packing the spaces between the bars with graphitized
grenular resistor material and then packing the load with ground
calcined petroleum coke to serve as the thermel insulatime By
packing in this menner the curremt will follow the central core
of graphitized materiale

Larger loads cen be processed, if more power is availablee

Ammonis (enhydrous) is a suitable substitute for nitrogen as a
carrier gase

The density of the purified graphite is reduced by less than
0,10% by weighte
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APPENDIX “AY

The procedure used on Run "A«l"emly was carried out according
to the following dirsctiomss

Each bar will bs sampled by cutting a 33" piece to be taken
from the left end of the odd nwn'bered bars and from the right
end of the even numbered bars. A 7 " slice will be cut from the
end of the samples

The sample 'bars will be drilled 16 times along the major
axis with a §"' drill end the drillings will constitute the
sample for the bares These drillings will be in excess of
250 grams per bars

The sample drillings from bars 1 & 10; 2 & 93 3 & 83 4 & T3
5 & 6 will be combined and thoroughly mixed, giving five
composite samples for the furnace chargee

Three additional samples of 25 grams will be taken from the
top surface of three of the end pieces. They will be obtained
by drilling not more than 3" into the bar. Llhese samples

are to be run for boron onlye Nobte:s As surface impurities
are considered to be excessive these samples are to provide

a check on the boron content of the bar surface.

Each sample, consisting of the composite of two bars, is in
excess of 500 grams. The sample will be split in half, one
half being sealed in a glass jar for reference purposes and
the other halT being used for the analysis. As all analyses
ere to be run in duplicate the sample will be split into two
lab samples of approximately 125 grams eache 25 grams are to
be used in running the bormm snalysis and the remaining
portion of 100 grams is to be combined with similar portioms
of equal weight from the other four samples to give a 500
gram lab sample for total ash analysise Since total ash is
expected to be legs them 20 ppmy, it will be necessary to have
a sample of at least 500 gramse

The complete analyses for the first few runs will be as
follows:

For boron:
5 analyses in duplicate on the five bar-composites
3 enalyses in duplicate on the surface drillings
from three bars.

For total ashs
1 analysis in duplicate on the composite of the five

samples
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APPENDIX "A" (Cent®d)

2o Several test runs were conducted in "A" and "B fwrmnaces while
the heating and processing characteristics were being determinede
The sampling procedure was altered somewhat so that it was as
follows:

A sample pisce spproximately 13" to 2" is cubt from alter-
nate ends of all the bars except 5, 10, 15 =nd so that
the remgaining portien of the bar shall be 243" ¥ 1/8%,
Each of the sample pieces shall be drilled 16 times, using

<" drill and the drillings taken from each bar shall be
combmed and thoroughly mixed to form a single composite
sample for the furnace rune This composite shall be split
into two parts, ome for reference (which shall be ade-
quately bottled, labeled and stored), snd one for asnalysise
Each of these 'hro parts will be approximately 1700 gramse
The snalysis, as all snalyses, shell be run in duplicate
and the average value taken as the amalytical values

Bar nese 5, 10, 15 and 20 are not sampled as above, but
instead a 2" sample is cubt from both emds of each bar

and each sample pisce is drilled 16 times using a &
drills The total weight of the composite of these
drillings will be approximately 1100 gmse This composite
will be split inmbo two parts, one for sample and one for
references The remmining centrel portien of these four
bars shall be sampled by 16 drillings through the bar
parallel to the transverse axes, 8 parallel to each axise
These drillings should be spaced along the longtitudinael
axis to obtain a representative smmples These drillings
from the central parts of the 4 bars shall be combined inte
& single composite sample, this composite split into two
parts, cne for reference and one for amelysise

The three snalyses outlined above, namely,

ae The routine smd semple for ths furmace charge
(omitting bars 5, 10, 15 and 20)e

be The double end sampla of bars 5, 10, 15 and 20,

ds The samples of the middle sectiems of bars 5, 10,
15, & 206

will cemsptitute the test samples taken on the test runs

from A=8 up to such time as the furnaces are considered
producing aceceptable materiale

11




APPENDIX "A" (Cont'd)

3¢ After the units were accepted as producing, the samples
were prepared in this memner end served for the bulk of
the production of pure graphitee

A sample piece approximately 15™ for 26" bars, and
approximately 2" for 263" bars is to be cut from
alternate ends of all bars of a furnace charge,

except for bars 5, 10, 15 and 20, Thus, the_remmining
portion in the bar shall be approximately 243" ¥ 1/8%,
Fach of the sample pieces shall be drilled 16 times
using & clesn 5" drill, and the drillings teken from
each bar shall be combined and thoroughly mixed to form
a single composite sample for the furnace run. This
composite shall be split into two parts, one for reference
(which shall be adequately bottled, lsbelled and stored),
and one for analysise Each of these two parts will be
approximately 1700 gremse The analysis, as all analyses,
shall be run in duplicate end the average value taken as
the analytical valueeo

Bar Nose 5, 10, 15 and 20 are not sampled as shove, but
instead a 2" sample piece is cut from both ends of each

ber and each sample piece is drilled 16 times using a in
drills The total weight of the composite of these drillings
will be approximately 1100 gramse This composite will be
split into two parts, ome for sample and ona for reference o
A 4" gectiom shall be cut from the center of the approximately
22" length bar which remains at this pointe The 4" sectim
of these four bars shall be sampk d by 16 drillings through
the bar parallel to the trensverse axis, eight parallel to
each axise These drillings from the central part of the
four bers shall be combined into a single composite sample,
this composite split into two parts, one for reference and
one for analysise

The three enalyses cutlined above, namsly

8s The routine end sample for the furnace charge (omitte=
ing bars 5, 10, 15 and 20, and

bs The double end sample of bars 5, 10, 15 and 20, snd

ce The samples of the 4" middle section of bars 5, 10,
15 end 20,

will constitute the test semples taken.
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APPENDIX "A" (Cont®d)

The sempling procedure described above comtinmued on umbtil
nearly 50,000 1bs were completede At this time ( May 7,

3888), the procedure was altered so that the less samples
were takeno

A semple piece approximately 1%" for 26 bars, and
approximately 2" for 265" bars, is to be cut from
alternate ends of all bars of the furnsce chargse
Thus, the remzining portion in the ber shall be
approximately 243" & 1/8", FEach of the sample

pieces shall be drilled sixteen (16) times using a
clean ' drill, and the drillings teken from each

bar shall be combined and thoroughly mixed to form

a single composibte sample for the furnace rune

This composite shall be split into two parts, one for
reference (which shall be adequately bottled, labelled
end stored), and one for snalysise EBach of these two
parts will be approximately 1700 grsmse The analyses,
as all analyses, shell be run in duplicate and the
average value taken as the analytical valuee

13
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APPERDIX "B"

SUMMARY OF OPERATIONAL DATA
AGCORDING TO INDIVIDUAL "RUNST

Meximm Veriatiem Averagd Renpe
Maxium Temperature
Observed 2120° C to 2510°%C 2750 = 2400°C
P12 30 1bs to 89 1lbs gO - ;5 1bs
0014 20 1lbs to 98 1bs 40 o 50 1lbs
Nz 10 cu % to 450 cu ft. 100 « 300 cu £%
Boron Analysis «00 ppm to 10 (spec) 03 = ,Og ppm
Total Ash 1 ppm to 17 ppm le to 8o ppm

As the runs were made for production purposes no attempt to control
the variables was made. No correlation between the varisbles and the
purity obteined can be drawn from the operational data.

*Mejority of the rums fall within these ranges

APPENDIX "C"
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